different compounds have therefore been developed for the control of this pest. In some areas of Australia and South Africa, the fly Lucilia cuprina has developed resistance to dieldrin. In the anthelmintic field, there is little evidence of any serious development of resistance. At present, the only remedy for resistance is the discovery of new effective compounds, but studies of the mechanisms of resistance may lead to other methods of attack.
Toxicity may not become apparent until a drug has been used on a very large scale. Carbon tetrachloride as a liver fluke remedy, for example, at first appeared effective and absolutely safe, but later troublesome instances of flock-susceptibility occurred. The reason for this occasional severe toxicity is unknown, but in some flocks losses may be heavy when this compound is used.
Sometimes, the control of one parasite will create conditions which favour another. There are many entomological examples of this. In the veterinary field, there is a new, disease syndrome (nematodiriasis) in lambs, a result of development of pathogenicity in a parasite once thought to be harmless. The cause of this is not clear, but it may have been produced by the widespread use of phenothiazine which has removed populations of competing nematodes.
Nature is versatile, and biological variations will see to it that new problems arise. We can, however, look back on a number of useful milestones along the road, milestones marking some major advances in disease control. Increasing biochemical knowledge will in time enable us to take short cuts and reach our objectives more easily and quickly. Meanwhile, the gambling instinct in all of us is strong and the feeling of excitement and exhilaration which comes with the finding of a new lead, will always be a reward for the drudgery of many thousands of chemists patiently making their hundreds of thousands of chemical compounds for the ultimate betterment of conditions of living for man and all his animals.
Meeting December 20 1961 The Provision and Use of Pathogen-free Laboratory Animals Dr W Lane-Petter (Carshalton, Surrey) Provision of Pathogen-free Animals All who work with laboratory animals have been frustrated from time to time by the presence within their colonies of disease, which either leads to intercurrent death of some of the animals under experiment, or perhaps to a vitiation of their experimental results arising out of unwanted or even unsuspected infection. It is impossible to measure the extent of this frustration, but in too many instances it is large, and sometimes overwhelming.
This has led, for many years, to a demand for 'better' animals; animals that are 'disease free', 'healthy', or otherwise free of the customary drawbacks. But in fact, all conventional laboratory animals may, and usually do, harbour a collection of pathogens, including ectoparasites, endoparasites, protozoa, bacteria, and viruses, which results in overt or potential disease. In many cases, the presence of any of these pathogens may be thought to be of little moment: this may be something of a fool's paradise. Only those who have used pathogen-free animals can assess the full disadvantages of their conventional counterparts.
It is necessary to draw a distinction between infection and disease. Clinicians, whether medical or veterinary, are normally dealing with disease; that is, with the manifestations of morbid processes due, in the present context, to the presence and activity of pathogenic organisms. The situation is one in which the pathogen has created a recognizable departure from health in the host. It is the clinician's function to deal a swingeing blow to the pathogen and, with the help of vis' medicatrix naturce, to restore the integrity of the host.
With laboratory animals the situation is different. When infection betrays its presence by causing disease, the affected animals are removed and killedfirst, because they are a focus of infection of their neighbours, and second, because for most purposes they are no longer useful for experiments. But the stringency does not stop here. The presence of infection, even 254 Proceedings ofthe Royal Society ofMedicine 4 without manifest disease, may be, and usually is, a disqualification for experimental use. Hence the importance of eliminating from laboratory animal colonies not only sick animals, but also those that may carry pathogens.
Many infections present in apparently good conventional colonies are unobtrusive: that is, they do not often cause obvious disease or deterioration of the animals, or give rise to serious epidemics. But sometimes a good conventional breeding colony wil reveal its pathogen burden under the pressure of experimental conditions, which provoke quiet infection into overt disease, often on a fulminating scale. So long as an infection is quiet, it attracts little or no attention and may be inapparent. But in certain conditions it may become devastatingly apparent.
It is misleading to use the term latent for inapparent infections, because latency implies complete dormancy, symptomless and irrelevant; whereas inapparent infections may be overlooked, not because they are completely symptomless, but because they are just unobtrusive, and a blind eye is turned to them. Yet this very feature, this unobtrusiveness, is what makes them such successful pathogens: nobody bothers about them.
For many years past there has been a marked improvement in the standard of husbandry of laboratory animalsan obvious first step in the attempt to eliminate unwanted infection. The accreditation scheme introduced in 1950 by the Laboratory Animals Centre for commercial breeders of guinea-pigs, mice and rabbits, was an attempt to improve the quality of animals from these sources, while concomitant advances within laboratory animal houses have worked in the same direction. It is true that the general health of most laboratory animals has become much better, and it is reasonable to give credit for this to better standards of husbandry. Moreover, specific attacks on individual infections have often been partially or completely successful. For example, ectoparasites, with the possible exception of mites in mice: most helminths: some protozoan infections: some of the more troublesome bacterial infections: these have been eliminated from the best maintained colonies, but there is the constant threat of their reappearance. Furthermore, this mnethod of attack is less effective with infections such as salmonellosis, and has not succeeded at all with virus infections generally (apart from a questionable effect on ectromelia in mice). In fact, each infection has, by this method, to be tackled individually, and the time and effort entailed make it a laborious procedure, quite apart from the danger of the reintroduction of one infection while the next one is occupying attention.
Elimination, then, by specific means, may hold out some prospect of success for one or two infec-tions, but is an unpromising policy when many are involved. A different approach is necessary.
The development of germ-free animals offered a possible solution to this problem. If a foetus, living in an ostensibly aseptic environment, could be extracted therefrom and reared to maturity in sterile conditions, all extraneous infections would, it seemed, be eliminated at a single stroke. At the Lobund Institute, University of Notre Dame, U.S.A., Reyniers (1959) and his associates did just this, but they found that such animals were only viable so long as they remained in the sterile environment. As soon as they breathed the air that we breathe, they became ill and died, because they had no means of co-existing with microorganisms that are ubiquitous, even though nonpathogenic to the conventional animal. Germfree animals, then, were not the answer.
The next step was to produce animals, free of pathogens, by germ-free techniques and, before exposing them to the outside world, deliberately to infect them with organisms that, experience showed, were non-pathogenic even to the germfree animal: to endow them, in short, with a selected microbiota compatible with sustained health and conferring some ability to withstand the assaults of other micro-organisms that would almost inevitably be encountered outside the germ-free environment. Provided these other micro-organisms did not include virulent pathogens or potential pathogens, a colony of animals could thus be reared of quite unprecedented health; and, so long as no pathogens invaded the colony, it would be possible to state with certainty that it was free of a long list of specified pathogens thatplagueconventional colonies. Such a colony is called SPFspecific (or specified) pathogen free.
The following terms are in common use in this connexion: SPF animals are defined as 'animals proved to be free of the causative agent or agents of one or more specific named diseases but not necessarily free of others not named'. It would be possible, by this definition, to call a mouse colony SPF if it had been found that it did not harbour the virus of ectromelia, even though it might be knowingly infected with salmonella, pasteurella, Tyzzer's disease, infantile diarrhoea, lymphocytic choriomeningitis, tapeworm, roundworm, pinworm, chronic respiratory disease, and all the other flora and fauna of a conventional colony.
Germ-free animals are defined as 'animals that are free of all demonstrable organisms, resulting from use of the closed system sterile technique'. Such animals are sometimes called monobiotic, meaning that they represent a single form oflifeisolated Section ofComparative Medicine from all others. When they are deliberately contaminated with one or more known organisms, to render them viable outside a sterile environment, they are often known as gnotobiotic, defined as 'an organism whose microbiota is known'.
Gnotobiotic animals may remain so only as long as they are kept in an environment which, while not completely aseptic, nevertheless excludes other organisms, especially pathogens. On the face of it, this would seem to be almost as exacting a requirement as the provision of an aseptic environment; too exacting, in fact, to be of practical use for most experimental purposes.
However, some sort of compromise may be worked out, along the lines developed in the U.S.A. and, in this country, at the Alderley Park Breeding Station of I.C.I. The sequence is as follows:
Animals are derived by Cwsarean section from conventional mothers in an aseptic environment, and hand-reared. They are then deliberately contaminated with what may be called protective non-pathogens before being transferred to an environment that is not strictly aseptic, but in which all possible precautions are taken to exclude pathogens. From then on, one hopes for the best, for there is no certainty that somehow, some day, a pathogen will not succeed in penetrating the peripheral barrier and run riot within. All that can be done is to weight the scales heavily against such an invader; by control of incoming air and water, and by sterilizing food, bedding and everything else that has to enter. As for the staff that work there, they cannot be sterilized; it must suffice for them to change all their clothes, take a shower, and put on sterile clothes on entering. The same applies to all visitors wishing to come in, and whose importunity cannot be refused.
It is useful to be quite clear about certain points: (1) Whereas a germ-free colony differs in kind from a conventional colony, because it is monobiotic and must remain so as long as germfree techniques are faithfully practised, a SPF colony differs only in degree from a good conventional colony, in that it carries no certainty of non-contamination, but only a very strong likelihood.
(2) Whatever its derivation, a SPF colony can only be correctly so described so long as it is continually demonstrated to be free of specified pathogens. If a pathogen successfully penetrates the barrier, however, all may not be lost, because this seems likely to be a rare event in practice; and elimination may be a possible alternative to closing down and starting all over again.
(3) Qvsarean derivation effectively breaks the chain of infection between conventional animals and germ or pathogen free, except in respect of infections that are transmitted in utero. Of these, lymphocytic choriomeningitis of mice is one important example, and there may well be others. Elimination, either before or after CQsarean derivation, seems to be the only means of surmounting this obstacle to obtaining truly SPF animals.
The move towards SPF animals is an enormous step forward. It has been said that in five to ten years we shall come to regard SPF animals of the common laboratory species as the normal, and conventional as abnormal, even unacceptable for most purposes: and with this view I agree.
It should not be thought that the adoption of SPF conditions is too costly or difficult for ordinary people to contemplate. The rather casual cleaning up of our formerly pestilential colonies was a gradual process, the beneficial limits of which have now been substantially reached. The jump to SPF is the logical next step, an essential one if we wish to avoid the frustrations of intercurrent disease.
At the Laboratory Animals Centre at Carshalton we are nearing completion of a building for the breeding, under SPF conditions, of mice and rats. It is not, and never has been, our function to provide large number of animals for experimental use; but we do propose to raise SPF breeding stock, of a number of strains, which can be subcultivated elsewhere in order to produce such numbers. Moreover, we shall attempt to demonstrate continually the health status of the animals we raise, so that they will merit the terms gnotobiotic and SPF. Since this is a laborious business, we aim to confine our activities to the maintenance of primary type colonies: small colonies whose health monitoring is practicable, and incidentally that lend themselves also to exact genetical control. It will be for others to carry out the large scale production of animals for experimental use, and I hope that this will normally be done under SPF conditions. For genetical reasons, we already recommend that this subcultivation be limited to three generations, and it would seem that health reasons are equally cogent (Lane-Petter 1961). The wise potato grower, to avoid the danger of blight, goes back to the Isle of Arran every year or two for his seed, and it seems that this is a useful analogy.
There are several loopholes in a system of this kind. The air itself may be a vector of infection, and so too may be the water coming into the building. The sterilization of food, bedding and other materials may be imperfect. The staff may carry in infection on their hands or in their noses or mouths, or they may ignore the rules about decontamination on entering. Lastly, there is the unforeseen accident: a broken window, a leaking 255 5 256 Proceedings ofthe Royal Society ofMedicine 6 roof, an overzealous night-watchman, or even a senior worker trying to pass himself offas a gnotobiote. We can only hope for the best, in the belief that, if we do not achieve all that we set out to, we can reasonably count on providing animals that are no longer peripatetic museums of pathology.
The Use of Pathogen-free Animals This account of the use of specific-pathogen-free animals is essentially a personal one, that is to say, it is concerned entirely with the results that have been obtained in the laboratories of the Pharmaceuticals Division of I.C.I. at Alderley Park, Cheshire. Before we raised specific-pathogen-free mice and rats we bred rats under conventional conditions, and we purchased mice from various dealers. Both our rats and the purchased mice were-diseased. The rats were infected with the well-known rat pneumonitis or murine pneumonia, as well as with worms and protozoa of various kinds, and the mice carried ectromelia, salmonella, protozoa, nematodes and adult tapeworms, and sometimes had tapeworm cysts in the liver. They were clearly unsatisfactory, and they almost always caused bother in the conduct of long-term experiments and toxicological work generally. For example, in some experimental work, over which I had direct control, we used to infect the mice artificially with various nematodes, and then wait five weeks for the infections to mature before starting chemotherapeutic work. For the chemotherapeutic work we required 200 mice per week, and to be assured that we would have this number, we regularly infected 300. The insurance was necessary because of the number of mice we lost from ectromelia infections and sometimes salmonellosis.
I am certain that our conditions for breeding rats were much better than those the average dealer could afford, and we tried to make our housekeeping as good as possible but, nevertheless, all our care did little to alter the incidence of the diseases which troubled us, and I think this was inevitable. For example, if one took a very big bed in a hospital and put one patient with tuberculosis in the bed, along with several others who were free of the disease, no amount of sterilization of blankets, washing of walls, and care with food would prevent all the patients finally getting tuberculosis. My analogy might be crude, but this is essentially what all of us do with animals. We desire to house them easily and conveniently, and because labour is expensive, and space is precious, we put as many animals as possible in a cage, and as many cages as possible in a room. If a disease, spread by contact, is present in any animal in that room, housekeeping will not prevent its incidence from rapidly increasing. It was clearly desirable to improve the quality of our experimental animals, and we decided that the only way to do this was to establish a unit in which the animals could be bred free from these diseases. We started our unit with rats taken from the mother by Cxsarean operation. The baby rats were raised artificially,' and when they were mature they formed the nucleus of our colony. Subsequently, we foster-mothered mice, also taken by Czsarean section, on to the 'clean' rats. In all that we did, and in everything that we have done since, we took great pains to prevent contact of these offspring and their successors with rodents, vermin, and insects of any kind of the outside world, but at no time have we sought absolute sterility. I am emphasizing this point because it explains why we refer to the animals as specific-pathogen-free. They are free of certain specified diseases, but they are not entirely free from contamination with some micro-organisms.
The diagrammatic plan (Fig 1) of one of the floors of our breeding unit helps to demonstrate the barriers we have imposed between the animals and the outside world. Staff enter the building through a personnel area. They are asked to strip, take a shower-bath, and dress in clothes that have been autoclaved, before entering the animal quarters. Inanimate objects are taken into the animal quarters through two-way autoclaves which also serve as sterile traps for taking animals out of the building. The building has no openable windows, and ventilation is achieved by a forced draught of air, ducted throughout the building. This air is washed, filtered and heated, but although it is freed from most particulate'matter it is not sterile. Neither is the water which is given to the animals sterile. We use a system of automatic watering, and ultraviolet lights have been placed in the mains which reduce the bacterial population of the town water considerably, but do not sterilize it. We gave much thought to the question of air and water sterilization and we decided, rightly or wrongly, that dilution factors operating on both air and water were so great that it was highly unlikely that we would introduce the contamination we wished to avoid through these media. Our animals, therefore, may be infected with some 'Details of the methods used have been given by Davey D G (1959) Lab. Anim. Cent. coll. Papers 8. 17.
Section ofComparative Medicine organisms that have entered through the air, with some from water, and with some carried on the skin of the staff if they are not easily removed by washing. They may also become contaminated with'spore-bearing organisms introduced in the food. We subject the food to a heat treatment which destroys vegetative forms of bacteria, but we do not try to achieve absolute sterility. We are content with this so-called pasteurization because none of the diseases in rats and mice that we wish to avoid are caused by spore-bearing organisms.
We have made, and continue to make, regular checks on the animals in the unit, and we found that the contents of the alimentary canal quickly came to harbour proteus sp., coliform organisms, and Streptococcus facalis. We have since isolated Pseudomonaspyocyaneus, and a staphylococcus of human type has been found contaminating some traumatic lesions of the mouth. We have not, however, found any of the diseases we wished to avoid, and we can still claim that our rats are free from murine pneumonia and parasites, and our mice are free from ectromelia, salmonellosis and parasites generally. It may be thought that we are taking a chance by assuming that, with the discipline we have imposed, these diseases will always be kept out of the unit, and I agree that we are, but to impose further barriers and further discipline than we have done would be extremely expensive and inconvenient.
Even the effort we have made is considerable, of course, but all of us who have used the animals are agreed that it has been worth while. The main advantage our animals have is that we can rely upon them. We can plan an experiment, and it goes according to plan unless the experimenter himself is at fault, which to us is a great step forward. Some of the results we have obtained have been somewhat surprising and very interesting. In Table 1 , for example, I quote the anesthetic concentrations and toxic concentrations of various anw,sthetics, measured by my colleague, Dr J Raventos, in our specific-pathogen-free mice, and in'what I have called 'commercial' mice. Our Alderley Park mice are derived from one of these commercial strains, but I cannot say that the comparison in Table 1 is strict, in the sense that Table 1 Comparison of anaesthetics in Alderley Park SPF mice and commercial mice. the same two strains are being compared. I believe, however, that the quite obvious differences in the response of the two types of mice are due to the fact that our Alderley Park mice are fitter in every way, and stand up to stress better. The differences in the therapeutic ratios are mostly due to the fact that our mice require more antsthetic to kill them, and we have obtained corroborative evidence from other acute toxicity experiments to show that, generally, our mice require somewhat higher amounts of various substances to kill them. Apart from the fact that our mice stand up to stress better, and that we are not plagued by extraneous deaths during the conduct of long-term experiments, we have not observed striking differences in their response.
When my colleagues and their assistants first handled the specific-pathogen-free mice many of them remarked how much more agile and nimble were the new mice, compared with those they had formerly used, and the same is true of the rats. Table 2 gives some measurements of the heart rate made by Dr J W Black on the same strain of rats (a) as usually bred and (b) bred under specific-pathogen-free conditions. Those I have described as bred in the usual way were derived Lodge. There is a very significant difference between the rates in the two strains. This difference is probably to be accounted for by the fact that the Alderley Park rats were more restless during the conduct of the experiment. The Stamford Lodge rats lay quite quiet in their containers while the Alderley Park rats continually explored theirs, although they were closely confined.
Rats are used by us in large numbers for general toxicological studies on potentially valuable chemotherapeutic agents, and it was the difficulties frequently encountered in accurately assessing the pathological picture presented by diseased rats that was one of the main considerations prompting our desire to obtain better animals. My colleague, Dr G E Paget will discuss the pathological differences between SPF and dirty animals, but I have some other results, also of significance to toxicologists. We have retained our old quarters where we formerly bred rats under ordinary conditions, and we decided to carry out a longevity experiment with rats bred and maintained at these old quarters (Stamford Lodge) and compare the results with a similar experiment done with our specific-pathogen-free rats, bred and maintained in the new unit at Alderley Park. The Alderley Park rat, of course, was derived from the Stamford Lodge rat. This experiment is now more than two years old, but it is not yet finished; the results illustrated in Figs 2 and' 3 are as they were at the end of November 1961. The differences between the curves are striking and one point they emphasize is important. It is laid down by the Food & Drug Admin- istration of the U.S.A. that any chemical that is used as a food additive, or as a packaging material for food, must undergo toxicological studies in two species, preferably rats and dogs, extending over a period of two years, and I know several people from various laboratories who have complained that they find it difficult to do an experiment in rats lasting two years. The curve for the Stamford Lodge rats explains why, but you will observe that we with our Alderley Park rats could do such an experiment. The major pathological finding in the rats dying at Stamford Lodge is the grossly diseased condition of the lungs, and it is astonishing that they survive as long as they do. We expect that the Alderley Park rats will show a higher incidence of tumours because they are surviving longer, but the experiment has not run sufficiently long for us to be sure on this point. I have included the results of two more experiments, not so much because they are significant to the use of specific-pathogen-free animals, but they are of interest. Fig 4 shows the life span of Stamford Lodge and Alderley Park female rats that are in breeding. The two groups are not strictly comparable because the breeding systems are not the same, but the difference in the results is too great to be accounted for simply by this fact. I have taken the results for the second group in Fig 4, that is, the longevity curve for the female Alderley Park rats kept in breeding, andcompared it with the longevity curve for the unmated females which was illustrated in Fig 3. This comparison is made in Fig 5. Continual pregnancy obviously has a significant effect on the expectation of life! The design of our experimental animal houses, that is, the areas in which our special animals are used, has a bearing on the use ofspecific-pathogenfree rats and mice. The animal rooms are back to back, and each one opens only on to the open air. They are ventilated by a forced draught, and each is therefore under a slight positive pressure. With this design each is isolated to a significant extent from the others. Every entrance to the animal house is protected by a vermin barrier, a simple T-shaped structure across any access corridor which prevents an exploratorymouse, rat or cockroach, &c., from obtaining entrance. Our standards of housekeeping, too, are good, but beyond what I have described we take no further precautions to protect the experimental animals and so far we have not met with even minor trouble.
Dr A 0 Betts (Cambridge)
Pathogen-free Pigs for Industry and Research
Introduction For a number ofreasons the techniques commonly used for the production of pathogen-free pigs differ in several respects from those in general use for the production of first generation pathogenfree laboratory animals.
The pigs are usually taken by hysterectomy and the sow killed but, since the sow is a valuable animal, it is necessary to attempt to salvage the carcase. This, in turn, limits the choice of anmsthetic.
The placenta of the sow is of the epitheliochorial type and maternal antibodies are not transferred across it to the foetus. In the absence of colostrum, therefore, the piglets are, for the first few days of life, highly susceptible to infection even with micro-organisms not normally considered pathogenic. On the other hand, newlyborn piglets are more able to fend for themselves than laboratory animals and can easily be induced to feed directly from flat trays.
Production Techniques Most of the techniques and equipment used are based on those originally described in the U.S.A. by Young & Underdahl (1953) and Young et al. (1955) . Those in use at Cambridge have been reported in detail elsewhere (Betts et al. 1960) . At Cambridge the piglets are obtained by hysterectomy normally undertaken on sows at the 111th or 112th day of pregnancy, i.e. two to three days before normal parturition. The sow is first stunned electrically and anesthesia is completed with carbon dioxide gas. The abdomen is scrubbed thoroughly with 1 % cetrimide solution and, when anasthesia is adequate, the abdomen is opened by a median incision. The whole uterus is removed and passed through an antiseptic lock containing 0-01 % solution of cetrimide into the body of a stainless-steel operating hood which has previously been steam-sterilized. After hysterec-tomy has been performed the sow isexsanguinated and the abdominal wound sutured to ensure a watertight closure and thus permit salvage of the carcase for human consumption.
Inside the operating hood the piglets are rapidly torn from the uterus by two operators working through rubber gloves attached to the side of the hood. After the umbilical cord has been clamped with a crocodile clip each piglet is wiped and dried vigorously with sterile hand towels. The umbilical cord is ligated close to the abdomen, cut, and dipped in tincture of iodine. The piglets are next put into a sterilized carrying case which is then withdrawn from the side of the hood. As the case is withdrawn a sterilized outer cover is slid over it. This outer cover is removed as the carrying case is passed into the isolatiop pen containing the incubators. The incubators are of the Horsfall variety, constructed of stainless steel and equipped with air filters through which air is drawn under negative pressure. One piglet is put into each unit.
The piglets are fed three times daily on a commercially available sow-milk replacer which is sterilized by autoclaving before being fed to the pigs in liquid form from flat stainless-steel trays.
The piglets are removed from the incubators at 10 to 14 days of age. Those which are to be used for research purposes are then transferred to cages in other isolation rooms where they are weaned.
Pigs that are to be used for farm repopulation purposes may be reared in less elaborate Horsfalltype incubators. They are subsequently transferred to brooders which are also sterilized and supplied with filtered air. Each brooder normally holds 12 pigs. The pigs are kept in the brooders until they have reached 4 to 5 weeks of age when they are returned to the farm.
Terminology
The problem of nomenclature is extremely difficult and no entirely satisfactory terms have yet been suggested to describe pigs produced in these ways. The difficulties have been discussed elsewhere . In Britain, Betts et al. (1960) used the term 'pathogen-free', colostrum-deprived (PF) pigs to refer to pigs which had been obtained by hysterectomy, deprived of colostrum and reared under strict isolation on sterilized food in sterilized incubators. They coined the term 'minimal disease' (MD) to refer to pigs kept under less rigorous conditions of isolation but away from possible infection as far as practicable. The term included both the foundation stock obtained by hysterectomy and their normally-farrowed progeny. In the U.S.A. the term 'specific-pathogenfree' (SPF) is used to refer both to pigs taken by hysterectomy (lst generation SPF pigs) and their progeny (2nd generation SPF pigs and so on).
SOME USES OF PF AND MD PIGS
(1) Research (a) The preparation of tissue cultures: It is well known that viruses are not infrequently isolated from the tissues of ordinary animals when the latter are used for the preparation of tissue cultures and these 'wild' viruses can give rise to confusing results. For these reasons we have used PF pigs as far as possible for the preparation of porcine tissue cultures. When PF pigs have not been available MD pigs have been used. To date, after four years' work, no 'wild' viruses have yet been encountered in tissue cultures prepared from such pigs. (b) Studies on pig diseases: The obvious need for using experimental animals which are free from intercurrent infections and free from natural antibodies is particularly important when working with agents which affect only the natural host, and even more so when those agents are widespread and of apparently low pathogenicity. Thus PF and MD pigs have been found to be valuable for the investigation of respiratory diseases of pigs and in the study of the porcine enteroviruses. In fact, the latter viruses are so common amongst conventional pigs that it would be virtually impossible to undertake many studies on them without PF pigs. (c) Other types ofresearch on pigs: Pigs which are free from infectious disease are much less variable experimental animals than conventional pigs and have advantages for investigations on nutrition, housing and genetics. However, to date there are comparatively few reports on the use of such pigs for investigations of this type. (d) Some diseases ofman: It has been known for a considerable time that very young animals may be susceptible to virus diseases which do not affect adults of that species. The very young PF pig has the additional advantage of being devoid of maternal antibody and thus there is some justification for thinking that it might be useful in the study of certain infections of other species including man. Betts et al. (1961) were able to produce lesions in the respiratory tract of young PF pigs which had been inoculated with various types of human adenoviruses by the intranasal or the intratracheal routes.
(2) The Control ofPig Diseases on
Commercial Farms
The repopulation of farms in this country with MD pigs is still new and still on an extremely small scale. However, one MD breeding herd which has been in existence for some years is that at the School of Veterinary Medicine, Cambridge.
This was established in September 1958 and now contains 22 breeding sows. In the U.S.A., on the other hand, repopulation of commercial farms with pigs taken (usually) by hysterectomy began in 1957 and the procedure is now almost commonplace. By the spring of 1961, 69 licences had been issued to veterinarians for the production of primary stock by hysterectomy techniques, although not all those licensed veterinarians were actually producing pigs at that time. However, the output from those centres which were in production was estimated to be 7,000 pigs per month. Young (1960) reported that by the end of 1960 more than 1,000 primary herds would have been established.
Section of Comparative Medicine
When the American farmer wishes to repopulate his farm with progeny from his own stock he sends to the commercial centre of his choice a group of sows which are expected to farrow at approximately the same time. At the centre hysterectomy and rearing are undertaken. After sending sows to the veterinary centre the farmer removes all the pigs from his premises, which are subsequently cleaned thoroughly, disinfected as far as possible and left empty for six weeks. The SPF piglets are returned to the farm at 4 to 5 weeks of age. Normal rearing procedures are subsequently followed except that no pigs other than SPF stock are introduced to the farm and contact, direct or indirect, with conventional pigs is avoided. When the primary SPF pigs reach maturity they are used as the foundation breeding stock for the new herd. The herd is treated as a normal breeding herd except for strict precautions to prevent the introduction of infection from outside. From the primary herds established in this way secondary herds can be formed on other farms which have, in turn, been depopulated, cleaned thoroughly and rested for 4 to 6 weeks.
The Performance ofSPFPigs Owners of SPF herds in the United States are extremely enthusiastic about the performance of their pigs but there is comparatively little factual information available. Almost all the information that is obtainable comes from Nebraska. The performance of herds in the small SPF programme supervised by the University of Nebraska is given in Table 1 (Welch 1961) . For purposes of rough comparison the 1958 herd analysis ofthe Wisconsin Swine Selection Co-operative is included since this gives an idea of the results obtained by some ofthe better pig farmers in the U.S.A. with conventional pigs kept under approximately similar conditions. It is extremely difficult to obtain any figures on food conversion efficiency for SPF pigs. The only figures which seem to be available are from the University of Nebraska's own experimental herd. Peo & Hudman (1960) compared the performance of SPF pigs with genetically similar conventional pigs, designated 'contaminated', kept under identical conditions, with results shown in Table 2 .
When considering the performance of SPF pigs on American farms it must be borne in mind that American methods of pig husbandry are markedly different from those commonly practised in this country. 262 Proceedings ofthe Royal Society ofMedicine 12 From personal observations and discussions with many veterinarians concerned with the programme it appears that the swine repopulation procedure in the United States has proved to be an effective method of eradicating respiratory infections such as 'virus' pneumonia and external parasites such as mange mites. When the SPF programme began fears were expressed that young SPF pigs would be susceptible to a variety of infections when returned to farms and would probably die. These fears have not been borne out in practice. There is, however, a lag period of a few days before the pigs begin to thrive. This seems to be associated with the acquisition of a new microbial flora.
On repopulated farms the most important single problem appears to be infection with helminths and severe infestations with ascarids have been encountered. Under the American system of keeping pigs in hog-lots it is difficult to see how heavy infestations can be avoided. Nutritional problems have occurred with some SPF pigs and there is some evidence that higher levels of vitamin and mineral supplementation may be needed. These problems may be associated with the increased growth rate.
Control Measures
The need for adequate control procedures to ensure the quality of primary stock coming from the primary production centres and the maintenance of the status of SPF stock on the farms subsequently was appreciated at an early stage; the steps taken, combined with the training programmes provided for veterinarians by the University of Nebraska, have done much to avoid problems which might have arisen.
The production of primary stock is restricted by licence entirely to registered and approved veterinarians, and control of pigs on the farm is by means of a National and various State SPF certification schemes. These are ambitious voluntary schemes. Amongst other requirements, to achieve certification, the continued absence from the herd of certain 'marker' diseases must be demonstrated by examination of carcases at slaughter and appropriate serological tests at regular intervals. In addition, the performance of the herd must continually reach certain basic performance standards. The schemes have not been in operation long enough for a critical evaluation of them to be made.
There are good prospects that swine repopulation in this country could be no less successful than in the U.S.A. But this is only likely to be true if steps are taken in time to ensure that pigs coming from the primary production centres are, in fact, free from infectious diseases, that measures are adopted to maintain the health status of pigs on repopulated farms and that adequate training is given to all those concerned with repopulation.
Dr G E Paget (Alderley Park, Cheshire)
The Pathological State of Specific-pathogen-free Animals Dr Davey has already stated that a full evaluation of the longevity and causes of death in specificpathogen-free (SPF) rats is in progress at Alderley Park. My remarks therefore represent only an interim report on some aspects of this experiment. For simplicity I will confine them to rats but similar statements could also be made about the SPF mice.
The most striking difference between SPF rats and 'dirty' rats lies in the state of the lungs. In all rat colonies of which I am aware the main cause of morbidity and mortality in older rats is chronic murine pneumonia with large bronchiectatic abscesses (see Fig 1) . This condition is never seen in our SPF animals and chronic lung lesions of any sort are virtually unknown. Acute bacterial pneumonia has been encountered occasionally but is easily distinguished pathologically from the chronic specific condition. An inevitable precursor of the lung lesions found in 'dirty' animals is marked peribronchial accumulation of lymphocytes (Fig 2) . We were caused some anxiety in the early stages of establishing our colony because it had been reported that SPF animals show no peribronchial lymphocyte foci whereas we found occasional small foci in our animals (Fig 3) . Such lymphoid foci are never large and do not progress to the condition found in 'dirty' animals. It is my belief that these lymphoid foci represent partly the normal anatomy of the rat lymphoid system and partly perhaps a reaction to inhaled particulate matter.
In 'dirty' animals renal lesions similar to human chronic pyelonephritis are extremely frequent. Kidney!disease is not unknown in SPF animals but its incidence is small in comparison with that in 'dirty' animals. The renal disease in SPF animals seems likely to be due to vascular disease but since the chronic pyelonephritis of the 'dirty' animals also contains a vascular element full understanding of the pathogenesis of the lesion in SPF animals must await the accumulation of more data.
In SPF animals the characteristic acute infections of the 'dirty' animals are not seen. For llli ;,ilb'eitil~~~&!.I #514_21, "IDX. _ M _ _ 1 w _ I I F°' ' : f ; F ; I _. . . . r . . example, in elderly breeding stock under ordinary conditions pyometra and tubo-ovarian abscess. are frequently found as a cause of death or as an incidental at autopsy. Such conditions have not yet been encountered in our breeding unit. The middle-ear disease which is so frequent in 'dirty' animals is also unknown in the SPF animal. The incidence of some diseases is, however, unaltered and periarteritis nodosa and neoplasia are encountered as frequently in the SPF animal as in the 'dirty' animal. The character and age of onset of neoplasia do not appear to be altered by SPF conditions. The histology of the SPF animal differs slightly even in the absence of disease from that of the 'dirty' animal. This is most clearly seen in the intestinal villi which-in the SPF animal, are generally more delicate structures than those of the standard animal.
The completion of the experiment now in progresswill permit a fullerevaluation ofthe pathology of the SPF animal but it can, even at this stage, be said that for research in pharmaceutical toxicology and pathology the SPF animal is a much more satisfactory experimental tool than the 'dirty' animal with which most people work, and that results obtained with SPF animals are both more reproducible and more reliable.
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